The inhibitory protein that binds calmodulin and thus prevents activation of several Ca2+-dependent enzymes by calmodulin is shown to also bind four Ca2+ per mol of protein with high affinity (Kd ' 10-6 M). On the basis of its Ca2+-binding properties and its localization to nervous tissue, the inhibitory protein is now called "calcineurin." Calcineurin is composed of two subunits: calcineurin A (61,000 Mr) which interacts with calmodulin in a Ca2+-dependent fashion, and calcineurin B (15,000 Mr) which binds Ca2+. The interaction of calcineurin A with calcineurin B is independent of Ca2+ or Mg2+. The dual interaction of calcineurin A with two different Ca2+-binding components and the high affinity of calcineurin for Ca2+ suggest a possible role for calcineurin in the regulation of free Ca2 concentrations in the nervous system. Calcineurin may thereby modulate the release and action of neurotransmitters.
A heat-labile factor that inhibits the activation of cyclic nucleotide phosphodiesterase by calmodulin was described by Wang and Desai (1). Independently, the major calmodulinbinding component of brain was purified in our laboratory and shown to be the inhibitor protein (2) . It was also shown to inhibit the stimulation, by calmodulin, of adenylate cyclase (3, 4) , turkey gizzard myosin light chain kinase (R. S. Adelstein, D. R. Hathaway, and C. B. Klee, unpublished observations), erythrocyte Ca2+, Mg2+-ATPase (5, 6) , and phosphorylase b kinase (7) . The protein appears to be specific to the nervous system because it has not been detected in other tissues by direct assay, although very small amounts of it were detected by radioimmune assays (W. Y. Cheung, personal communication; ref. 8) . The function of the inhibitory protein is unknown. We now show that this protein, which binds calmodulin by a Ca2+-dependent mechanism (1) (2) (3) (4) , can itself also bind Ca2+ with high affinity. Previously, the inhibitor was referred to as calmodulin-binding protein (1) or inhibitory protein of cyclic nucleotide phosphodiesterase (2) (3) (4) . On the basis of its Ca2+-binding properties and its specificity for the nervous system we now propose to call it "calcineurin."
MATERIALS AND METHODS
Calcineurin was purified from bovine brain as described (2) . Rechromatography on Sephadex G-200 was omitted because the protein obtained after the first gel filtration was devoid of cyclic nucleotide phosphodiesterase activity and contained only the two polypeptides characteristic of calcineurin (1) (2) (3) (4) . Rabbit skeletal muscle troponin C was the generous gift of Paul Leavis. Bovine brain calmodulin and calmodulin-Sepharose were prepared by published procedures (2, 9) . 45CaCl2 (2.1 Ci/mmol; 1 Ci = 3.7 X 1010 becquerels) was a product of New England Nuclear; dimethylsuberimidate dihydrochloride was obtained from Pierce.
Electrophoresis under denaturing conditions was performed in 15% acrylamide or 7.5 to 15% gradients of acrylamide by the Laemmli system (10). Quantitation of polypeptide chains was by densitometer tracings of photographs of the Coomassie blue-stained gels with a Joyce Loebl microdensitometer (model 3CS) and subsequent weighing of the traced peaks. At three different protein concentrations the staining intensity was linear with respect to protein concentration.
Interaction of calcineurin with Ca2+ was measured at 0-4o C by the method of Hummel and Dreyer as described in ref. 11 . Prior to the experiment, the protein solution was dialyzed overnight against 1000 vol of 50 mM Tris-HCl, pH 8.1/0.1 M KCl/1 mM MgCl2/0.2 mM dithiothreitol (buffer A). The free Ca2+ concentration, determined in the dialyzate by atomic absorption spectrometry, was 0.5 ,uM. A column of Sephadex G-25 (0.9 X 12 cm), equilibrated with buffer A at various concentrations of 45CaCl2 was loaded with a 0.2-ml sample of calcineurin in buffer A (0.5 mg/ml) whose 45CaC12 concentration was adjusted to the same total concentration as that of the column buffer. The fraction size was 0.35 ml and the flow rate 4 ml/hr. Prior to the experiment the buffer solutions were freed of contaminating Ca2+ by treatment with Chelex-100. Polyethylene containers were used throughout. The specific activity of 45CaCl2 was based on Ca2+ concentrations determined by atomic absorption spectrometry (buffer solutions and appropriate aliquots eluted from the column including the peak and trough tubes as well as tubes 30- Proc. Natl. Acad. Sci. USA 76 (1979) whether the protein concentration was determined by absorption at 280 nm (277 = 9.6) or by amino acid analysis (assuming an average Mr of 85,000 and a ratio of subunits A to B of 1 to 1.6). The amino acid composition of the recovered protein was not significantly different from that of the starting material, indicating that neither of the subunits was selectively lost during the gel filtration. As shown in Table 1 (18, 20) . It was therefore important to determine whether or not the interaction of the A subunit with the B subunit was also Ca2+-dependent. When the protein was crosslinked with dimethylsuberimidate the Mr 61,000 polypeptide (unreacted A subunit) disappeared after prolonged incubation and was replaced by a Mr 76,000 band (A-B complex) (Fig. 3) Mr 92,000 species was sometimes present after long incubation (Fig. 3, gels 4 and 5) , which could indicate the presence of an A-B2 complex. No evidence for a B2 complex was obtained, suggesting that the two B subunits do not interact or that the relative positions of the reactive lysyl residues do not allow crosslinking. The pattern of crosslinked polypeptides was not affected by the absence of Mg2+ and Ca2+ (Fig. 3, gel 5 ) or by the presence of EGTA (Fig 3, gel 6 ) during the crosslinking reaction. Thus, the A subunit of calcineurin can interact with at least one B subunit in a Ca2+-independent fashion. When crosslinking was done in the presence of Ca2+ and '4C-labeled calmodulin, a new Mr 92,000 band was clearly seen (Fig. 3, gel  7) . The presence of radioactivity in this band indicated that it constitutes a calmodulin-calcineurin complex. Because it has been shown previously (20) that the calcineurin-calmodulin complex isolated by glycerol gradient centrifugation contains both calmodulin and calcineurin B, the Mr 92,000 component was identified as a calmodulin-A-B complex (CaM-A-B; see scheme 1). When crosslinking was done in the presence of EGTA, this complex was not formed (Fig 3, gel 8 ). The
Ca2+-dependent formation of the calcineurin-calmodulin complex does not imply that CaM-Ca2+ is the active component because calcineurin B also binds Ca2+. 
